Abstract The thin films of ZnS have been electrodeposited onto stainless steel and ITO coated glass substrate. The films were prepared in aqueous bath, using ZnSO 4 and Na 2 S 2 O 3 as a precursor. The PH of bath maintained throughout the experiment is *14. The preparative conditions are optimized to get ZnS thin films. The prepared films were further characterized for the structural, morphological and optical properties by X-ray diffraction (XRD), FT-Raman, fourier transform infrared (FTIR) spectroscopy, field emission scanning electron microscope (FE-SEM), energy dispersive spectroscopy (EDAX), atomic force microscopy (AFM), optical absorption spectroscopy, surface wettability studies, respectively. The XRD study shows the formation of ZnS phase with polycrystalline in nature. The nanoflower like morphology is observed for ZnS thin film with thickness 63 nm. FT-IR spectrum of ZnS thin film, were used to investigate the presence of organic compounds, as impurities in the ZnS films. FT-Raman shows the crystal quality and vibration properties of ZnS thin films.The water contact angle measurement shows that the ZnS thin film is hydrophilic in nature. Moreover, the optical study revealed the band gap of 3.13 eV.
Introduction
Zinc sulfide is a wide bandgap semiconductor of significance since of its chemical and physical properties. Among a wide bandgap of 3.7 eV and subsequent low absorption in visible wavelengths, it has several applications, from filter and lens materials to UV photodiodes and other compound semiconducting devices [1] [2] [3] [4] [5] [6] . ZnS is one of the most widely used materials for window layer heterojunction photovoltaic solar cells. ZnS nanostructures have been synthesized using various techniques, such as chemical bath deposition [7] , thermal evaporation technique [8] , dip technique [9] , sol-gel technique [10] , spray pyrolysis [11] , and electrodeposition [12] . Among different chemical and physical methods, electrodeposition is very trouble-free, economical and attractive method. Electrodeposition method has many advantages, such fast synthesis mechanism, high purity, and uniform distribution of nanoparticle on over all surface of substance and morphology control on any type of substrate. However, the growth of continuous ZnS films with large grains by electrodeposition method still remains to be investigated. Moreover, no studies have been done to were used to investigate the effect of the deposition temperature on grain size variation electrodeposited ZnS thin films.
In this work, we present the optimized nanocrystalline ZnS thin films on stainless steel and ITO coated glass substrate using the electrodeposition method. The structural, morphological, and optical properties of deposited thin films have been studied.
Experimental detail
In present investigation, ZnS thin films was carried out in an electrolyte bath containing 0. Prior to the deposition, the Indium tin oxide (ITO) substrates and steel substrate were ultrasonically cleaned with acetone and ethanol for 15 min, respectively. During the deposition process, in order to obtain high quality films, the deposition potential -0.8 V/SCE is used. The total deposition period of sample is 15 min.
3 Results and discussion
X-ray diffraction studies (XRD)
In order to study crystalline nature of ZnS thin film, the XRD pattern was recorded in the 2h range 20-80°. Figure 1 shows the XRD pattern of ZnS thin film deposited at cathodic potential -0.8 V/SCE. It is evident from the figure that ZnS thin film is polycrystalline and aside from the diffraction peaks of the steel substrate, those assigned to hexagonal of ZnS peaks are only seen in all XRD pattern. The diffraction peaks (101), (102), (220), (103) and (210) corresponding to ZnS were observed. These peaks were identified by comparing the d-spacing values obtained from the XRD patterns with JCPDS (Reference Code: 00-05-0492) data for ZnS [13] . The size of crystallites can be estimated using the Scherer's formula. The grain size is found to be 63 nm for (103) plane.
Energy-dispersive X-ray spectroscopy studies
The quantitative analysis of the films was carried out by using the EDX technique to study stoichiometry of films. Figure 2 , is the EDX spectroscopy recorded on a selected area of the ZnS architecture, indicating that it is composed of Zn and S and has 1:1 Zn/S composition within experimental error. Figure 3 shows the FT-IR spectrum of ZnS thin film deposited by electrodeposition method. In order to study the occurrence of organic compounds as impurities in the ZnS films, we careful the FTIR spectrum of the zinc sulfide film collected by scraping the surface of the ZnS films deposited in the same conditions [14] . We did not observe any peaks corresponding to impurities, such as Zn-O, Zn-OH, and -N=C=S in FTIR spectrum of the ZnS thin film and [15, 16] . The absorbed band at 1067 and 1402 cm -1 were matching to the stretching vibration of C-O group. There is a band at 685 cm -1 is due to the stretching frequency of ZnS bond. Thus the FTIR result suggests the existence of bonding between ZnS and some constitutional water incorporated in the ZnS structure. Thus, the formation of ZnS compound is confirmed from FTIR study.
Fourier transform infrared spectroscopy studies
observed only a broad and weak peak at 2750-3750 cm -1
Raman spectrum studies
Raman scattering was performed at room temperature to examine the crystal quality and vibration properties of ZnS thin films. Figure 4 shows the Raman spectrum of ZnS thin films deposited at bath concentration 0.07 M for 15 min. The Raman spectrum of the sample is recorded in the range 100-600 cm -1 . On supersaturation, the well-aligned ZnS nanoflower in large trum is dominated by the longitudinal optical (LO) phonon peak (Raman band) at 463 cm -1 which confirms that, ZnS thin films having nanocrystalline in nature with hexagonal phase and the weaker peak about 287 cm -1 is associated with the transverse optical (TO) phonon [17, 18] . Figure 5 shows the FE-SEM image of ZnS thin film, the 2D surface morphology of the ZnS films at two different magnifications shown in the Fig. 5a , b. The FE-SEM images indicate that as synthesized thin film consists of ZnS flower-like morphology all over the substrate. Also it shows that the surface of the film is smooth, uniform and no crack could be observed. The particle size from the FE-SEM is found to be in the range of 55-60 nm [19] [20] [21] [22] [23] [24] .
Surface morphological studies
AFM is a convenient technique to study the morphology of thin films. Figure 6 represents the AFM image of ZnS thin films. It can be observed that the film is uniform, well defined, and spherical, cover the substrate well. The spherical grains were also reported for ZnS thin film obtained by solution growth technique [25] and chemical bath deposition method [26] . The larger grain size of thin films may provide more surface area for liquid electrolyte/electrode junction photo electrochemical (PEC) devices [27] . From the AFM measurements, we obtained the root mean square (RMS) roughness is 17 nm and film thickness is 200 nm. Figure 6 shows the 2D and 3D image of ZnS thin film. At the right side of the images, an intensity strip is shown, which indicates the depth and height along the z-axis. Thus, AFM image indicate that regular, homogeneous surface and large grain size was obtained under this conditions. 
Optical absorption study
The optical absorption study of as deposited nanocrystalline ZnS thin films was carried out using UV-Vis-IR spectrometer in the range 300-1100 nm. Figure 7 shows the variation of (ahm) 2 with the incident photon energy (hm) which is linear at absorption edge, confirming that the material has a direct band gap of straight line to the energy axis for zero absorption coefficient value gives the optical band gap emulsion. The data were analyzed by Tauc's relation for near edge of the optical absorption of semiconductors as [28] . The band gap energy was determined by extrapolating the linear region of the resulting curve shown in Fig. 7 . The band gap energy (E g ) was found to be 3.13 eV. The value reported in present investigation is approximately same as literature value [28] .
Surface wettability study
Wettability, involves the interaction between a liquid and a solid in contact characterized by the value of the measured contact angle that is the microscopic parameter. Lower wettability results into higher contact angle with surface and refers as hydrophobic and vice versa. For the interpretation of surface energy, the contact angle measurement is the important parameter in surface science [29, 30] . In many situations, controlling and modifying the surface wettability of solid surface are important [31] . In present case, the water lies with contact angle of 113°on the surface of ZnS thin film instead of forming droplet as seen in Fig. 7 (inset of Fig. 7 ). This may be due to the strong cohesive force between the water droplet and hydrous content in ZnS thin film. We believed this specific property will tentatively demonstrate the feasibility of ZnS thin film surface useful in electrolyte/electrode interface for better performances [23] .
Conclusion
The ZnS thin films were prepared in an aqueous solution by using electrodeposition method. The XRD measurements show, the ZnS thin films are polycrystalline in nature with hexagonal phases, and the grain size is *63 nm. The FTIR result suggests the existence of bonding between ZnS and some constitutional water incorporated in the ZnS structure. Raman study, resolute the strength of metal-sulfur bond in ZnS.The surface morphology study shows 2D nanoflower like morphology covered over the entire surface of the substrate. The EDX spectra indicate the presence of oxygen in the samples along with zinc and sulphur. The AFM images designate that regular, homogeneous surface and large grain size was obtained under this condition. The ZnS thin film have optical band gap energy of 3.13 eV with hydrophobic nature, as water contact angle is greater than 90°.
